Background: The phenotypes of heartburn patients are heterogeneous. Objective: The objective of this study was to investigate the proportion of heartburn phenotypes in a Chinese population and to compare the Rome IV and III criteria for heartburn diagnosis. Methods: A retrospective study was performed among heartburn patients referred for upper endoscopy and esophageal function tests in a tertiary hospital. Their symptoms fulfilled Rome IV and III criteria. Results: A total of 233 patients were included. Fifty-nine patients (25%) were diagnosed with esophagitis, 96 (41%) with non-erosive reflux disease (NERD) and 78 (34%) with functional heartburn (FH) based on Rome III criteria. Approximately 70% of the Rome III NERD patients were changed based on Rome IV criteria, with 36 patients (15%) diagnosed with reflux hypersensitivity (RH) and 32 patients (14%) who didn't fulfill the criteria considered unclassified. The FH and RH patients showed higher esophagogastric junction-contractile integral (EGJ-CI) and less hiatal hernia than did Rome IV NERD patients. The unclassified had more hiatal hernias than the FH and RH (p < 0.05). The EGJ-CI was similar between Rome III NERD and FH cases. Conclusion: The Rome IV criteria were stricter for heartburn diagnosis and superior in distinguishing NERD from functional disorders on motility patterns than Rome III.
Introduction
Heartburn, defined as a retrosternal burning sensation rising up through the throat, is the primary symptom for gastroesophageal reflux disease (GERD). 1 Given the moderate sensitivity and specificity of heartburn to GERD, clinical trials investigating heartburn patients have suggested that up to one-third of patients reported poor responses to the mainstay GERD therapy (proton pump inhibitors, PPIs), 2 indicating that heartburn patients have heterogeneous causes. The diagnosis and management of heartburn therefore remains a major dilemma in clinical practice.
Up to now, the diagnostic criteria for different heartburn phenotypes have relied on the combination of several diagnostic tools including upper endoscopy, high-resolution manometry (HRM) and 24-hour multichannel intraluminal impedance-pH (MII-pH) monitoring. Along with further studies of heartburn, generalist physicians and gastroenterologists are beginning to understand that besides esophageal acid overexposure, reflux hypersensitivity (RH) and functional heartburn (FH) are two major factors related to PPI refractoriness among heartburn patients. 3, 4 However, the knowledge regarding heartburn diagnostic criteria is still limited among most clinicians, and the proportions of different heartburn phenotypes remain unknown.
The reason why the proportions of different heartburn phenotypes remain unknown is partially due to their uncertain definitions. For the past 10 years, the Rome III criteria 5 have been used as the guideline for heartburn diagnosis, based on which cases with RH and those with negative endoscopy and MII-pH results but an effective response to PPI treatment used to be included in the subgroup of non-erosive reflux disease (NERD). Currently, the definitions have changed according to the recently published Rome IV criteria. 6 FH and RH are clearly defined in the updated criteria 6 and the 24-hour MII-pH monitoring is used to distinguish these phenotypes among heartburn patients. The proportions of real GERD and functional esophageal disorders would vary according to the new criteria.
To the best of our knowledge, no studies have reported on the agreement or differences between the Rome III and IV criteria for heartburn diagnosis. The aims of the current study were to investigate the proportions of different phenotypes of heartburn patients in a Chinese population, to describe the esophageal function characteristics among these patients based on the Rome IV and III criteria, and to compare the Rome IV and III criteria for heartburn diagnosis. In addition, those patients who did not fit into the updated criteria were also investigated.
Materials and methods

Participants
Patients with uninvestigated heartburn who were referred to our hospital from 2013 to 2016 were enrolled. All patients underwent upper endoscopy, HRM and 24-hour MII-pH monitoring. Their symptom thresholds fulfilled the Rome III and IV criteria. 5, 6 Patient information including clinical features, upper endoscopy, HRM, 24-hour MII-pH monitoring and outcomes were retrospectively analyzed. Patients who had esophageal or gastric surgery, organic lesions on upper endoscopy including peptic ulcers, Barrett's esophagus, eosinophilic esophagitis, upper gastrointestinal cancer, etc., or major motility disorders on HRM were excluded. Those who were on antacids, prokinetics, or PPIs seven days before or during the esophageal function test were also excluded. Only those who had undergone eight weeks of PPI treatment after the esophageal function test were included. The study was approved by the Ethical Review Board of Sun Yat-sen University (date: April 15, 2010, number: (2010) 31) and written informed consent was obtained from all participants. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki.
Patients' symptoms were assessed using the validated Chinese version of GERDQ (GERD questionnaire) 7 before and after therapy. PPI therapy was considered effective when patients had no heartburn symptoms at all during the final week of therapy.
The heartburn patients were categorized based on Rome IV and Rome III criteria. Patients were classified into the following five phenotypes based on the Rome IV criteria:
6 reflux esophagitis (RE), NERD, RH, FH and unclassified (those with negative endoscopy and MII-pH results but an effective response to PPIs). The patients were also classified into three phenotypes based on the Rome III criteria, 5 by which RH and the unclassified were defined as NERD: RE, NERD, and FH.
Upper gastrointestinal endoscopy
The patients underwent upper endoscopy examination before esophageal function tests. Upper endoscopy was performed according to international guidelines. 8 The distal esophageal biopsy was taken to exclude the eosinophilic esophagitis. Organic lesions including peptic ulcers, Barrett's esophagus and upper gastrointestinal cancer were excluded. RE was staged according to the Los Angeles classification. The included patients were then classified as (1) endoscopy negative or (2) RE.
High-resolution esophageal manometry
High-resolution esophageal manometry was performed using a 4.2 mm outer diameter solid-state manometric catheter with 36 circumferential sensors spaced at 1-cm intervals (Given Imaging, Los Angeles, CA, USA). After calibration from 0 to 300 mmHg, the catheter was fixed transnasally, and the measurement was obtained with the patient in a supine position. The manometric protocol included a baseline recording, 10 single liquid swallows and adequate multiple rapid swallows (MRS).
Pressure topography was analyzed manually by two independent investigators using Manoview analysis software (Given Imaging) and based on the Chicago classification criteria. 9 The collected parameters included the following: (1) esophagogastric junction (EGJ) parameters: EGJ morphology, lower esophageal sphincter (LES) length, integrated relaxation pressure (IRP), EGJ inspiratory pressure, EGJ expiratory pressure, and EGJ contractile integral (EGJ-CI), which was calculated according to Nicode`me et al.; 10 (2) peristalsis parameters: distal latency (DL) and distal contractile integral (DCI). The MRS response was also evaluated according to Shaker et al., 11 and the MRS/liquid swallow ratios were calculated for the DCI. The classification of esophageal motility was also analyzed.
Twenty-four-hour MII-pH monitoring
Twenty-four-hour MII-pH monitoring was performed off-therapy using an ambulatory MII-pH monitoring system (Sandhill Scientific Inc, Highland Ranch, CO, USA). After calibration in buffer solutions of pH 4.0 and 7.0, the catheter (ZAI-BS-01, Sandhill Scientific Inc, Highland Ranch, CO, USA) was placed transnasally with the pH electrode 5 cm and impedance channels 3, 5, 7, 9,15, and 17 cm proximal to the LES. Patients were taught to use the digital data device to record symptoms, meals and postures during monitoring.
The data were analyzed manually by two investigators using the Bioview Analysis Software (Bioview Analysis; Sandhill Scientific Inc). Meal periods were excluded from the analysis. The collected parameters included the following: (1) acid exposure time (AET, abnormal value !4.0) and (2) symptom association probability (SAP, positive if !95%). Pathological reflux was defined as having an abnormal total AET. 12 
Statistical analysis
Data were presented as either the mean AE standard deviation (SD) or the median (25th, 75th). Grouped data were compared using analysis of variance (ANOVA) or Kruskal-Wallis test as appropriate. For multiple comparisons, Bonferroni's correction was applied. Categorical data were compared using the -squared test. Differences were considered significant when p < 0.05. Statistical analysis was performed using SPSS 20.0 (SPSS Inc, Chicago, IL, USA).
Results
A total of 331 patients with heartburn who were referred for upper endoscopy, HRM and 24-hour MII-pH monitoring from 2013 to 2016 were screened. Eight patients with organic lesions and 75 patients with major motility disorders were excluded. Five patients did not undergo PPI therapy after the procedures and 10 patients were lost during follow-up. In total, 233 patients (122 males, age 43.35 AE 13.21 years) were finally included. Detailed demographic data are shown in Tables 1 and 2 .
Upper gastrointestinal endoscopy
All included patients underwent upper endoscopy examination before the esophageal function test. RE was demonstrated in 59 patients (25.32%), with grade A RE in 28 patients, grade B in 29 patients, and grades C and D in another two patients. A total of 174 patients were endoscopy negative. Table 1 . Demographic characteristics compared among groups based on Rome IV criteria (data presented as mean AE SD or N (%)). 
High-resolution esophageal manometry
According to the updated Chicago classification of esophageal motility, 75 patients who had major motility disorders on HRM were excluded, with achalasia in eight patients, EGJ outflow obstruction in 58 patients, absent contractility in seven patients and distal esophageal spasm in two patients. Among the remaining 233 patients, 80 (34.33%) were found to have ineffective motility, two (0.86%) had fragmented contractions, and 151 (64.81%) were without motility disorders. 
Twenty-four-hour MII-pH monitoring
Phenotype diagnoses
The study flow of clinical evaluation and the primary diagnosis of patients with heartburn based on the Rome IV and III criteria are shown in Figures 1 and 2 .
After clinical evaluation, 59 patients (25%) were diagnosed with RE, 96 patients (41%) with NERD, and 78 patients (34%) with FH based on the Rome III criteria. When the updated Rome IV criteria were applied, 68 patients (70.83%) out of 96 patients with Rome IIIpositive NRED were instead diagnosed with RH (N ¼ 36, 15%) or were considered unclassified (N ¼ 32, 14%). The proportion of real NERD dropped to 12%.
Outcome assessment
All patients who were recruited underwent PPI treatment. The PPI treatment protocol among patients included esomeprazole, rabeprazole, omeprazole, lansoprazole, pantoprazole and ilaprazole with standard or double doses once or twice daily, and the treatment protocols were similar among the phenotype groups (see Supplementary Table 1 ). The PPI response rates of patients with RE, NERD and RH were 61.36%, 65% and 36.67%, respectively. All patients with FH were PPI non-responders, whereas all of the unclassified patients were PPI responders.
Comparison among different heartburn phenotypes
According to the Rome IV criteria, the gender, weight, body mass index (BMI), EGJ-CI and EGJ morphology were different among groups (Tables 1 and 3 GERD patients were predominantly male and had higher BMI (p < 0.05). Furthermore, the FH and RH patients showed higher EGJ-CI and less hiatal hernias than Rome IV NERD and RE patients (all p < 0.05). The unclassified patients were predominantly male and had more hiatal hernias than did FH and RH patients (p < 0.05) ( Tables 1 and 3) . No significant differences in HRM parameters were observed among the RE and NERD patients, or between the FH and RH patients. Additionally, the unclassified group was similar to all other groups considered regarding other HRM parameters. Similar results were found among groups based on the Rome III criteria (Tables 2 and 4 ). The Rome III GERD patients were also predominantly male with higher BMI (p < 0.05). The RE patients showed weaker EGJ-CI (p < 0.05). However, significant differences were not observed in either EGJ-CI or other parameters between the Rome III NERD and FH patients (Tables 2 and 4 , Figure 3 (a) and (b)).
Discussion
Heartburn is a primary symptom of a cluster of functional diseases that derive from esophagus-brain interactions. 13 Along with the launch of the Rome IV criteria, it became possible to classify heartburn patients into detailed categories, although the proportions of these phenotypes have remained unclear. The current study was not only the first study to test the utility of the Rome IV criteria among outpatients with heartburn but also the first study to compare the Rome III and Rome IV criteria for heartburn diagnosis in clinical practice. Our results demonstrated patients with heartburn had heterogeneous causes with less than 40% of patients with real GERD, among whom approximately 34% were FH and 15% were RH based on the Rome IV criteria. Additionally, application of the Rome IV criteria changed the diagnosis of nearly 71% of the Rome III-positive NERD patients to be RH or unclassified. The FH and RH patients showed better anti-reflux barrier competence than did the Rome IV NERD patients. However, approximately 14% of patients did not fit into the updated criteria.
Up to now, the epidemiology of different subgroups of heartburn patients has remained unclear. It has been revealed that 37%-60% of NERD patients have normal acid reflux, and the proportion of FH and RH can vary from less than 10% to 75% and to 36%, respectively. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] One factor that has contributed to the variation is the changing definitions of heartburn phenotypes. For example, the Rome III committee used to define those with normal reflux but positive symptom-reflux association as NERD, but these patients were then isolated as a single group named RH in the updated criteria. It has been revealed that RH is more likely to present with esophageal mucosal changes than FH. 26 Furthermore, RH may respond less well than real NERD, so separating RH from real NERD and FH is of clinical significance. The current study also focused on the motility characteristics of heartburn patients. We found that FH and RH patients showed higher EGJ-CI and fewer hiatal hernias than did the Rome IV NERD patients, which was more accordant with the pathophysiological features of NERD. 24, 27 However, no significant differences in EGJ-CI could be observed between the Rome III NERD and FH patients. Since the differences are present only in minor motor dysfunction with uncertain clinical relevance, these types of motor dysfunction cannot preclude a functional diagnosis. Even so, a weakened anti-reflux barrier was still the prominent Table 3 . HRM parameters compared among groups based on Rome IV criteria (data presented as median (25th, 75th) or N (%)). characteristic of well-defined NERD when compared with functional disorders in the Rome IV criteria, which may further support the superiority of the Rome IV criteria over Rome III criteria. It was worth noting that a group of heartburn patients with negative endoscopy and MII-pH results but an effective response to PPI who used to be defined as NERD in the Rome III criteria could not fit into the updated Rome criteria. The diagnosis of these patients is controversial since the role of the PPI response is now emphasized. Why such patients respond to acid suppression remains uncertain. The explanation could be partly due to the false-negative results of MII-pH testing with a reported sensitivity of 66.4% 28 and the unreliability of symptom reports. 29 Therefore, negative MII-pH testing results cannot rule out pathological reflux or positive symptom-reflux association, and some responders could have NERD or RH that was missed during diagnosis. To avoid false-negative MIIpH results and to reduce the diagnosis of unclassified patients, we could prolong recording periods beyond 48 and even 96 hours to increase the sensitivity of reflux detection, and Bravo would be a very good tool to accomplish this target. However, some experts doubt that the PPI response may result from the placebo effect, since some placebo-controlled clinical trials of functional gastrointestinal diseases have demonstrated that the placebo effect does exist. 30 The current study put these patients into the unclassified category and found that they were predominantly male and had more hiatal hernias than did the FH and RH patients, which partly indicated a similar pathophysiological mode compared with NERD. However, further investigation of the weight of the PPI response still needs to be studied based on a larger population.
The current study also demonstrated that the PPI response rates of patients with RE, NERD and RH were 61.36%, 65% and 36.67%, respectively. Since NERD is well defined in the Rome IV criteria, PPI therapy was almost equally effective among patients with real NERD and RE in the current study, which was consistent with other previous studies. 31 Excessive esophageal acid exposure is the main pathophysiological mechanism of real GERD, whereas visceral hypersensitivity is more prominent for RH and FH. 32 This can explain, to some extent, the lower responsiveness of routine PPI treatment among RH and FH patients. Therefore, different treatment strategies using pain modulators after failure of first-step PPI therapy would be much more reasonable for patients with RH and FH due to the similar pathogenesis. Additionally, patients with RH and FH have different responses to PPIs, and RH patients may respond to PPIs, whereas FH patients do not.
There were some limitations in our study. First, the current study was a retrospective study, and therefore, the symptom evaluation and therapy efficacy evaluation have some bias. Thus, a prospective design would further clarify the phenotypes of heartburn patients. Second, the types of PPI therapy used varied, which made the therapy efficacy incomparable to some extent. However, the dosage and duration of the therapy was in line with the current recommended therapy for GERD. Third, some patients referred to our clinic had already been on PPI therapy during their first visit and were then not referred to esophageal function tests, therefore the current study could not include these patients. Furthermore, biopsies should be performed both in the distal and proximal esophagus to exclude eosinophilic esophagitis according to the guidelines. However, this was a retrospective study, and no more than one doctor performed the upper endoscopy for these included patients in our center. Lastly, since the symptom association analysis was generated by machine and was actually a secondary analysis, it could have been influenced by multiple factors, so the results should be analyzed with caution.
In conclusion, the Rome IV criteria were stricter in defining heartburn phenotypes, and superior in distinguishing NERD from FH and RH by HRM compared with the Rome III criteria. Recognition of the heterogeneous phenotypes of patients with heartburn will lead to more successful treatment and optimized medical resource utilization.
